The objective of this study was to determine the level of phthalate ester plasticizers in Ethiope River water samples. Gas chromatography (GC) coupled with mass spectrometer (MS) was used to evaluate the levels of dimethyl phthalate (DMP), diethyl phthalate (DEP), dibuthyl phthalate (DBP), diethylhexyl phthalate (DEHP), buthylbenzyl phthalate (BBP), di-n-octyl phthalate (DnOP in the water samples. Range of total phthalate level in different locations fell between 0.74µg/L and 1.75µg/L. It was found that Sapele-1 and Sapele-2 had highest total phthalates concentrations. The highest concentrations of phthalates were DBP and DEHP, which is consistent with their common use in plastic materials and other industrial chemicals. It was found that the individual phthalates concentration was low but total phthalate levels were high in most stations. The results for phthalates in the water samples is low but there is the need to guide against an upward rise in the concentrations as these may pose grave environmental and health concern for people living downstream of the river. These results can be used as reference levels for future monitoring programs for pollution studies of the river. © JASEM http://dx.doi.org/10.4314/jasem.v20i3.15
Most of the consumer products in our homes consist of additives known as ester plasticizers. They are group of synthetic compounds which are added to products in order to enhance flexibility and durability of the product (Schettler, 2006; Daiem, 2012) .Phthalate ester plasticizers provide an array of benefits required for the many applications such as tubing and hose products,personal care products, household furnishing, building materials, children's toys, medical devices, flooring, wall-coverings, seals and gaskets, belts, wire and cable, and print rolls (Gao et al., 2014; Wang et al., 2015) . More than three million metric tonnes of phthalates are produced annually. Phthalate plasticizers are not chemically bound to materials; they can leach at a constant rate from plastic products to the environment and consequently, are distributed in the ecosystem and have been described as the most abundant man-made environmental pollutant (Latini2005; Vitali et al., 1997; Zhang et al., 2015) .They found ubiquitously in the environment as primarily diethylhexyl phthalate (DEHP), dibutyl phthalate (DBP) and in much lower concentrations dimethyl phthalate (DMP), diethyl phthalate (DEP), and Butylbenzyl phthalate (BBzP or BBP), di-n-octyl phthalate (DnOP), diisononyl phthalate (DINP) Humans are exposed to phthalate mainly via ingestion, inhalation and dermal exposure (Adibi et al., 2003) . Phthalate are becoming a great environmental concern because of their ubiquitous nature and studies have indicated various reproductive toxicities and carcinogenic potentials. Phthalates are now known to cause a broad range of birth defects and lifelong reproductive impairment in laboratory animals exposed in-utero (Ema et al., 1998; Wine et al., 1997; Gray et al., 1999) .
Phthalates have been found virtually in all compartments of the environment including fresh water (Tan 1995; Selyarai et al., 2015; DominguezMorueco et al., 2014; Liu et al., 2015; Liu et al., 2014; Gao and Wen 2016) , lake sediments, buried PVC, landfill leachates, atmospheric aerosols (Simoneitet al., 1988) , in rain water (Simoneit and Mazurek, 1989) . Reports showed that, in river water DEHP, DBP, diisobutyl phthalate (DIBP) and DEP were found in all samples, with DEHP as the dominant compound with concentrations of up to 10 µg/l and a mean value of 1 µg/l for the River Rhine (Furtmann 1994) .
Majority of the communities in river metropolis ignorantly dump these consumer products containing phthalate ester plasticizers into the river system thereby posing risk to the aquatic habitat as well as the humans who source their water from the river. Adewuyi (2012) investigated the identity and estimated the phthalates concentration in supposed treated medical wastes from a hospital sewer and water from a receiving river in Ibadan city, Nigeria. High levels of the phthalate esters were found in the treatment effluent samples from the sewage plant and the samples from the receiving river. Olujimi et al., 
Evaluation of the Levels of phthalate Ester Plasticizers in Surface Water

609
EDJERE, O; ASIBOR, IG; OTOLO, SE
(2014) studied occurrence and concentration of phthalate esters in river sediment around the oxidation ponds at Covenant University in Nigeria and confirms that sediment samples act as a "storage" or "reservoir" for phthalates. A study on Phthalates and other plastic additives in Surface sediments of the Cross River System in Nigeria showed that primary sources of these phthalates were considered to be the result of direct discharge of untreated effluent/solid waste and emissions arising from burning of refuse containing plastic materials, respectively (Oyo-Ita et al., 2014) . Due to the environmental and health risk posed by these synthetic compounds, their importance in Nigerian rivers should not be underestimated. Hence, the purpose of this study is to determine and report some of the phthalates present in Ethiope River system.
MATERIALS AND METHODS
Area of Study:
River Ethiope, reputed to be one of the deepest inland waterways in Africa, is known for its natural clean/ deep watersource. Its source is at the foot of a giant silk-cotton tree at Umuaja in Ukwuani Local Government Area of Delta state (Enamuotor, 2013 The river serves as a major source of water for drinking, bathing, fishing, washing, and recreation for the people of Umuaja, Umutu, Obiaruku, Abraka, Eku, Igun, Sapele and some other small communities in Delta State, Nigeria. The communities, through which the River traverses, are mainly peasant farmers whose products include food stuff such as yams, corn, vegetables, cassava, plantain and fruits. Agricultural activities in the area are mostly carried out along the bank of the River, and agricultural wastes (domestic wastes, livestock manure, fertilizers, pesticides, etc) are discharged directly into the river or entrained in runoff into the river after rainfall. Some physicochemical characteristics of Ethiope River have been reported (Aluyi et al., 2003; Enamuotor, 2013) .
Sample Collection: Water samples were collected from eight points along the river channel in a glass bottle and stored in an ice chest until arrival in the laboratory, where they were kept in fridge.
Chemicals and materials:
Anhydrous sodium sulphate oven heated at 400°C; cyclohexane distillated in an all glassware;acetone; 1,11-Dibromoundecane (ISTD); reagent water; Agilent gas chromatograph 6890N, coupled with MS; Sample collection bottles; 1l Erlenmeyer flasks; glass coated metal magnetic mixer; Upward delivery glass separating funnel; 10ml vials with septum seals (Silicon/PTFE); Balance (3 decimal places); glass beakers; spatulas; forceps; aluminium foil; solvent reservoir bottle; calibrated syringe; ultrasonic bath; bunsen burner; drying oven; muffle furnace; desiccators; measuring cylinders; test tubes; pasteur pipettes; calibrated pipette.
Sample Handling and pre-treatment: Water samples were collected in amber glass containers. Conventional sampling practices were followed. No special sample preservations and storage steps were taken since phthalate are stable at pH 7.Samples were collected and sealed with a glass stopper followed by a metal clip. The samples were refrigerated at 4°C free from light from the time of collection until extraction.
Extraction of Water Sample:
A subsample of 1L was weighed into a calibrated Erlenmeyer flask of 1L. To this is added 1ml Cyclohexane internal Standard solution and then 9ml Cyclohexane. With the aid of a glass coated magnet the sample was then liquid / liquid intensively extracted for a minimum of an hour. Using an upward delivery glass separating funnel, the solvent Extract was then isolated in a 10 ml vial. Sample volume is 1L in 10ml Cyclohexane Extract.
Analysis of Phthalate in water using GC/MS:
The analytes in the extract were separated by means of capillary gas chromatography using temperature programming. The chromatographically separated phthalate esters were detected and measured with Mass Spectrometer. This process is made possible by large volume injection (LVI) technique used to introduce 10µl of the sample solvent extract at a rate of approx. 4.6µl/sec into the injector. The injector is kept at an initial temperature of 78°C and rises gradually at the rate of 5°C/sec to 300°C so as to enable complete volatilisation of solvent into the analytical column. Oven initial temperature was kept at 70°C and on injection rises to 300°C at a rate of 20°C/min. Injector's temperature is brought back quickly to normal by the use of a liquid Nitrogen cryo cooling unit. The new method for analysis of Phthalate in water samples using GC/MS was validated according to Skoog et al. (1998) , Edjere (2006) and Institute Bachema AG Quality Management Guidelines as certified by ISO 17025 (Institute Bachema, 2006) .
Data Analysis: All the statistical analyses were carried out using the Paleontological Statistics (Hammer et al., 2003) and SPSS16.0. A one-way analysis of variance (ANOVA) at a confident level of 0.05 was used to assess if phthalate levels varied
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significantly among sampling stations. The Duncan Multiple Range Test was used to conduct the post hoc comparisons between pairs of treatments based on comparing the range of a subset of the sample means at the confident level (P at 0.05). The population means could be considered significantly different if the mean difference of the subset exceeds the confident level (p>0.05). Once a range is found not to be significant, no further subsets of this group are tested.
RESULTS AND DISCUSSION
Results of data collected are presented in Tables 1, 2 (Table 1) . 
ND: Not detected
The study showed that DBP concentrations were found to have the highest average (0.61µg/L) contribution in the river followed by DEHP and DEP with mean concentrations of 0.45µg/L and 0.16µg/L respectively, while DMP, BBP and DnOP were found in low concentrations. The fact that DBP, DEHP and DEP were the highest contributor to the phthalates concentrations is because they are the most extensively used in manufacturing processes and therefore the most commonly found phthalate in the manufactured products (Kimber and Dearman, 2010) . Most detailed toxicological studies have centred primarily on DEHP and DBP as they account for a greater percentage of the phthalates, which are used commercially (USEPA, 1989; US ATSDR, 2002) . Research works done on DEHP and DBP has confirmed that they elicit the most toxicity to terrestrial organisms, fish and aquatic invertebrates (EC, 2008,; Staples et al. 1997) . Ecotoxicity studies with these phthalates also showed adverse effects to aquatic organisms with a broad range of endpoints and at concentrations that coincide with measured environmental concentrations. Toxic effects were observed at environmentally relevant exposures in the low ng/L to µg/L range (Oehlmann et al. 2008) .DMP and BBP were below detection limits in all the locations. This may be as a result of their regulation in manufacturing processes (Kamrin, 2009; Kavlock et al., 2002; Edjere et al., 2015) .
The average amount of DEP found in the sampling locations was 0.16µg/L. Although, the value in this report is low compared to some other work, a study by the National Toxicology Program showed that DEP can damage the male reproductive system of animals in the womb, reduce sperm concentrations at the highest DEP dose and can also lead to abnormally large prostate glands (Lamb et al., 1997) . Therefore, there is the need to control the leachates of this phthalates into the aquatic medium where they may lead to contaminate the food aquatic food web. The results were subjected to a one-way analysis of variance (ANOVA) at a confident level of 0.05 to assess if phthalate levels varied significantly between sampling stations. All statistical analysis was performed with SPSS16.0. The statistical analysis showed that there was significant variation in phthalate levels for DEHP, DBP, and DnOP in the stations (p< 0.05)while DEP showed no significant difference (p>0.05) as shown in Tables 2, 3 and 4. Tables 2, 3 and 4, stations in the same subset are significantly different from stations in other subsets. Also, stations in the same subset imply that they have close values of mean. Therefore, Stations 2 and 3 (Umutu-2 and Abraka-1) have close mean. This affinity was also displayed between Stations 4 and 6 (Abraka-2 and Eku-2) and Stations 5 and 7 (Eku-1 and Sapele-2). This is an indication of similar commercial and domestic activities in those areas.
Available data for plastic esters indicate that acute and chronic toxicity to fresh water aquatic life occur at concentration as low as 3µg/L, and would occur at lower concentrations for more sensitive species (USEPA, 1989) .In this limited survey, DBP and DEHP stand out as chemicals of concern, having the highest mean concentrations (0.61µg/L and 0.45µg/L)and because of the combination of their prevalence in products. The concentration at which they are found in both cosmetics, other products and in people's bodies, and their links to birth defects in laboratory studies is obvious (OSHA, 2009) . Therefore, there is need to sensitise the populace of the potential threat of these products and the need to continually dispose of waste in an environmentally friendly manners, using the proper channel rather than using the river system as a cheap means of disposing wastes. It is the opinion of the authors that government as well as policy formulators and implementers should provide sustainable measures for waste disposal instead of allowing the masses to ruin the river ecosystems and put the populace into health risks associated with water borne phthalates. Manufacturers should base their new safety assessment of phthalates in different products on recent scientific findings and consider aggregate doses and cumulative effects from exposures to multiple phthalates with common mechanisms and health endpoints. Companies should publicly pledge to voluntarily remove phthalates from their products and use other alternative in place of phthalates. Manufacturers should also indicate clearly all phthalate-containing products on their label that can be read easily before purchase.
